(ECG) was recorded using a pair of bipolar silver electrodes surgically fixed to the right clavicle and the sternal crest. Background noises were canceled by calculating the average of cardiac electrical activity of each beat. PQ interval was constantly longer when RR interval was prolonged, while QT interval was not altered when RR interval was changed.
Introduction
Recent patch clamp studies revealed that activities of various ionic channels are modulated by autonomic agonists and also that the density of various ionic channels are significantly different between epicardium and endocardium in mammalian hearts (FEDIDA and GILES, 1991 ; LIU and ANTZELEVITCH, 1995 ; JAMES et al., 1996; DI-DIEGO et al., 1996) . The positive T wave of ECG may be attributed to slightly faster repolarization of action potential of epicardium than that of endocardium, and thereby the waveform might be very sensitive to the ion channel modulation.
To test this hypothesis, we recorded ECG of chicks, which were allowed to move freely under physiological conditions, by fixing bipolar electrodes to the right clavicle and the sternal crest.
Although ECG of chicken and that of chicken embryos has been preciously studied (STURKIE, 1976) , ECG of young chicks has not been previously reported. We found that stable recording of ECG is available in young chicks when the electrodes were fixed to thoraxic bones. Background noise was further removed by calculating average of potentials over the ECG cycle. The average ECG wave form was analyzed for detail in relation to the RR interval before and after injection of atropine.
It will be shown that blockage of the parasympathetic receptor by atropine inverses the polarity of T-wave. The firing rate of the cardiac pacemaker, SA node cells, is modulated by release of catecholamine or acetylcholine from nerve endings of autonomic nerves. These transmitters affect the gating characteristics of various ion channels, such as the L-type Ca2+ channel (EHARA and MITSUIYE, 1980) , the hyperpolarization-activated cation current (DIFRANCESCO et al., 1986) , the muscarinic K+ channel (DIFRANCESCO et al., 1984) and the sustained inward current (Guo et al., 1996) . These current systems are common for both the SA node and the AV node. Thus, it is believed that the PR interval, reflecting the conduction time through the AV node, also changes when the RR interval varies.
To examine in detail the relationship between the RR interval and the PR interval, the average procedure of ECG was conducted in Fig. 2 more precisely than in Fig. 1 .
Namely, the individual cardiac cycles were separated into four groups according to the A. RR intervals during continuous 118 sec ECG recordings in a chick. B. All the traces of beat to beat ECGs during recordings in A were separated into four groups by duration of intervals between its R wave and preceding R waves to calculate the average (160) (161) (162) (163) (164) (165) (166) (167) (168) (169) (170) Ba; Bb; Bc; Bd) . Each traces are the average of 80-180 ECG traces.
Arrows indicate the average of RR intervals for each plot. Parts of Ba-d were expanded and shown in Ca-d. A line through Ba-d indicates the location of the end of T waves (91.3msec). Lines throughout Ca-d indicate, from left to right, onset of P wave, peak of P wave, onset of R wave and peak of S wave, which were determined for the average trace obtained for RR intervals between 160 and 170 mesc (Ca). Horizontal lines indicate the defined zero potential level. Details are in the text. duration of intervals between its R wave and the preceding R wave (160) (161) (162) (163) (164) (165) (166) (167) (168) (169) (170) Ba ; (170) (171) (172) (173) (174) (175) (176) (177) (178) (179) (180) Bb ; (180) (181) (182) (183) (184) (185) (186) (187) (188) (189) (190) Bc ; (190) (191) (192) (193) (194) (195) (196) (197) (198) (199) (200) Bd) . Vertical arrows indicate the average RR intervals calculated for each group. For quantification of the amplitude of the potential, the zero level for the potential was defined as a level just before the onset of P wave. A line through plots in Ba-d is to indicate that the location of the end of T waves (+91.6 msec on the defined time scale), which was not different with different RR intervals.
Similarly, the peak amplitudes of P, R and T waves were not statistically different in Ba-d. Essentially the same findings were obtained using 6 chicks. to right, onset of the P wave, peak of the P wave, onset of the R wave and peak of S wave. (SASAKI et al., 1994 ; DIDIEGO et al., 1996 ; WANG et al., 1996 
